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INTRODUCTION

An interim Progress Report was submitted on the work of this unit in
April 1978. This report included the test procedures now adopted for in vivo
evaluation of potential antileishmanial activity. These are repeated below for
convenience. A number of compounds was supplied by WRAIR for testing on four
strains of Leishmania in December 1977. Preliminary data were supplied to WRAIR
by the foliowing month together with a request for additional supplies of certain
drugs. Unfortunately, because of faulty communications we have only
been in a position to continue with certain in vivo tests as from November 1978.
The data requested by WRAIR a year ago are therefore not yet all available and
top priority is currently being gwen to completing this work. Additional
in vitro studies to parallel the in vivo work are also in hand at the present time.

_ Please note that the Progress Report sent in April 1978 was not intended
for general circulation. ]t is replaced by the present Final Report which is now
being submitted in the format recommended in a letter from WRAIR SGRD-AJ
dated 11 October 1978.

SCIENTIFIC ACTIVITIES

1. CHEMOTHERAPY

1.1 Techniques

" We have reviewed and simplified to some degree the procedures
for drug testing that were set out in our application for research support, dated
February 1977, Experience showed us that the original techniques developed
by Mrs. Trotter, wer e unnecessarily cutberome and did not give as consistent
results as we had anticipated. The following techniques have now been adopted
in this Department,

We are currently investigating the possible use of Balb/C mice as hosts
to replace the NMRI line that we have used so far. Information received from
colleagues in other centres suggests that Balb/C's may be as satisfactory as,
or better than NMRI's and they are easier to obtain in bulk from breeders in
this country than the latter variety.

1.1.1 Visceral leishmaniasis

The laboratory model used for the investigation of drug
activity against visceral infection in this laboratory is L. donovani sensu lato

(Strain LV9 from Ethiopia). The parasite is maintained by continuous passage in
Syrian hamsters (Mesocricetus auratus). (This parasite is probably a variant of
L. infantum).




Infected animals are anaethetised with ether and killed by cervical
dislocation. The skin surface is swabbed with alcohol and the enlarged spleen
removed aseptically into steriie Locke's solution in a sterile tissue homogeniser. After
homogenisation the resuitant suspension is centrifuged at 200 g for five minutes to
remove tissue debris and the supernatant is then further centrifuged at 800 g for ten
minutes to separate the amastigotes. These are resuspended in Locke's solution and
their numbers counted in a Neubauer haemocytometer. The suspension is further
diluted with Locke's solution to produce a final concentration of 50 x 1
amastigotes/ml .

20 g NMR| mice from a random bred colony are inoculated intravenously
with 0.2 ml of the amastigote suspension. Parasites reach the liver and spleen
rapidly by this route and may be detected one hour after infection. Infection is
carried out randomly and the infected mice are subsequently divided at random
into groups of six. Two untreated control groups are established and one treated
group for each dose level of the compounds under test are set up. Additionally,
Pentostam (sodium stibogluconate) at 400 mg base/kg is used as a positive drug
control .

One control group is sacrificed on D+7 and liver impression smears are
prepared, stained with Giemsa stain and examined to confirm the presence of
parasites. Treatment of the dosed groups is commenced on D48 and continued for
five days. On the day following the final dose (D+13), all surviving animals
are sacrificed and liver impression smears are prepared.

Assessment of the effect of treatment is made by examining liver impression
smears. The smears are fixed with methanol, stained with filtered Giemsa stain
and the numbers of parasites/1000 host cell nuclei are counted. The mean parasite
count of each treated group is expressed as a percentage of the mean parasite
count of the untreated control group and a dose response curve is plotted on log/
probit graph paper to determine the ED 50 and ED?O of the test compound.

The test result is also expressed, by comparison with Pentostam, as a
Pentostam Index.

ED90 Pentostam

FD90 Test compound = Pentostam Index

1.1.2 Cutaneous leishmaniasis

Experimental compounds are tested against both Old World
and New World forms of cutaneous leishmaniasis. The Old World type is represented
by L. major = L. tropica major (Strain LV39 from USSR) and the New World
cutaneous leishmaniasis by L. mexicana amazonensis (Strain LV78 from Brazil).

The test system used is essentially the same for both species, differing only in the
nature of the inoculum. L. major infections are produced by the intradermal
inoculation of promastigotes from culture, whilst L. m. amazonensis infections are
induced by the inoculation of amastigotes harvested from lesions in Syrian hamsters.

Studies are still proceeding to find a suitable rodent host for L. panamensis
(Strain LIV64l = WR 128)




(i) Preparation of inocula
a) L. major

Using sterile techniques L. major amastigotes are isolated from
developing nodules that have not ulcerated, by homogenisation and differential
centrifugation. Rabbit blood agar slopes are seeded with a drop of the resultant
amastigote suspension, 200 units/ml penicillin and 20 pg/m! streptomycin are
added and the slopes are incubated at room temperature. Cultures are passed
when the promastigotes are in their log phase of growth. Cultured promastigotes
are concentrated by centrifugation at 800 g for ten minutes, resuspended in Locke's
solution and the number of flagellates present estimated in a counting chamber .
Suspensions are adjusted to contain between 5 and 25 x 108 promastigotes/ml.

b) L. mexicana amazonensis

A suspension of amastigotes is obtained by grinding tissue from
infected hamster feet with sterile sand in Locke's solution using a pestle and
mortar, and differentially centrifuging it at 200 g for five minutes and the
supernatant at 800 g for fifteen minutes. The amastigote pellet is resuspended
in Locke's solution, parasite numbers are counted in a haemocytometer, and
the suspension is diluted to contain 5 x 107 amastigotes/ml .

(ii) Test procedure

20 g TFW mice are shaved over an area of 1.5 cm2 above the
tail base using animal clippers, and inoculated in random order with a volume of
0.2 ml of either L. major (or L. m. amazonensis) suspension intradermally 1 cm above
the tail base in the midline. The animals are randomly caged in groups of five.
The experiment is controlled with one untreated group and one positive drug control
group which receives Pentostam equivalent to 400 mg antimony/kg. Four groups
of mice, receiving a range of dose levels, are set up for each compound under test.

Treatment is commenced at three hours post-infection and continued daily
for five days in all. Compounds are routinely administered subcutaneously in the
interscapular region,

The site of infection is kept shaved throughout the experiment and the size
and appearance of the lesion is assessed for each mouse weekly for up to seven weeks
and a lesion score from 0-4 allocated as follows:

No thickening of skin

Thickening of skin

Small discreet nodule (up to 0.3 cm diameter) or extensive thickening
Discreet nodule (0.3-0.6 cm diameter)

Larger lesions and ulcerated lesions.

SWN—-O

The lesion score is assessed by two workers each examining the animals
independently and a mean lesion score is derived from the sum of both sets of readings
in order to minimise the human error inherent in any such subjective system.
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(iii)  Determination of drug activity
a) Percentage suppression during the first four weeks

The sum of the weekly mean lesion scores for the first four weeks
of the experiment in the treated groups is expressed as a percentage of the untreated
control group score for the same period. These values are plotted on log/probit
graph paper and the percentage suppression is determined.

b) Suppressive dose

The sum of the weekly mean lesion scores of the treated groups
over the course of the whole experiment is expressed as a percentage of the untreated
control values for the total period. The results obtained are plotted on log/probit
graph paper and the SD_, and SD_, are determined. (SD_ = that dose which causes
n% suppression of lesion development compared to the unfeated control as reflected
by the sum of the mean lesion scores.)

c) Pentostam Index

SD?O Pentostam
= Pentostam Index

SD90 Test compound

1.2 Data on WRAIR and other compounds tested

Table 1 summarises data on 12 compounds provided by WRAIR and
6 other compounds. Details of the activity of these compounds as assessed so far
against L. infantum (LV9), L. major (LV39) and L. mexicana amazonensis (LV78)
in mice are provided in Tables 2 through 30. The outstanding points that arise
from these data are the following:

(i) Glucantime sc¢ is marginally less active than sodium stibogluconate
(Pentostam) sc

(ii) Only 2 8-aminoquinolines showed significant activity against skin-
dwelling parasites (namely WR 226292 and WR 226257). (Pentostam
itself is only effective at high doses against these organisms.)

(iii)  WR 226292 (the 5,6 methoxy analogue of WR 6026) is highly active
against L. infantum and L. major when given po, (Pentostam Index 155)
but little better than Pentostam given sc. WR 226292 is indeed the
most active compound with the broadest spectrum of activity that we
have encountered (other than Pentostam in liposomes versus L. infantum).

(iv) The lepidines WR 212579, and 226257 are less active than WR 6026 but
WR 211666 is about as effective as WR 6026. All these compounds
have a similar level of activity sc and po except WR 211666 which,
like 226292 is more active po.
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(v) WR 181023 (4-methy! primaquine) is about as active as WR 212579
against L. infantum but is ineffective at tolerated doses against
the cutaneous species.

(vi) Clindamycin shows a modest activity against L. infantum.

(vii)  Amphotericin B has poor activity against L. infantum but is superior
to Pentostam against L. major.

(viii) An old batch of WR 6026 (AG 75499) showed poor activity compared to
newer material. This may indicate chemical instability.

It is interesting to compare these data obtained in mice with data published
recently by Kinnamon et al. (Am. J. trop. Med. Hyg., 1978, 27, 751) based on
studies with the Khartoum strain of L. donovani (= L. infantum) in hamsters.

1.3  Studies on antimonial leishmanicides in liposomes

In associotion with the Department of Biochemistry in this University
(Dr. New) we have been investigating the effects of incorporating Pentostam and other
antimonials into liposomes, using L. infantum and L. major in NMRI mice as our target
organisms. We were unaware that two other groups were working independently on
this question, namely that of Black at the Nuffield Institute in London, and Steck
at WRAIR. We have arrived at similar conclusions to both these groups, namely that
the activity of organic antimonials is greatly enhanced against visceral leishmaniasis
when the compounds are incorporated into liposomes. The activity against cutaneous
infection is still being investigated, and information will be provided later. Other
fr-ms of liposome and other antileishmanial drugs will also be investigated in an attempt
to enhance their therapeutic index and effectiveness. A report on our liposome studies
is attached as Appendix |.

2. PARAS! TE BIOCHEMISTRY AND MODE OF ACTI ON

A new technique has now been described by Mr. Brazil for separating pure
amastigotes from tissue using a cellulose column. (Appendix II). Preliminary data
on the purine and pyrimidine synthetic activities of L. m. amazonensis promas tigotes
are summarised in Appendix |ll, details of which are being prepared for publication.
This preliminary work shows a clear Jistinction between the metabolism of this
parasite and others studied by Marr and Berens.

3. BIOCHEMICAL IDENTIFI CATION OF LEISHMANIAL ISOLATES

This Department has now been officially designated as the "WHO International
Collaborating Centre for the Biochemical Characterisation of Leishmania".

We have received several interesting new isolates including several from cases
of Uta (from Dr. Herrer, Peru) and isolates from patients with kala-azar in the current
Indian epidemic in Bihar. We have also received further material from Senegal
isolated from man, rodents and P. duboscqui. This material is currently being grown
and identified. The Indian material, all from man, is particularly interesting as it
differs from strains of L. donovani that we received several years ago from
Professor P. C. Sen Gupta of Calcutta.
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A strain of Leishmania isolated by Mutinga and Ngoka from a dog in Kenya
(Trans. R. Soc. trop. Med. Hyg., 1977, 71, 447) has proved to be identical to
strains causing visceral disease in man in that area. This is the first time that the
dog has been implicated as a reservoir of kala~azar in Kenya where the reservoir
previously has been suspected to be rodents of various species.

We are currently examining all available isolates from kala-azar from
India, the Middle East, Africa and South America in an attempt to resolve several
enigmas that have arisen regarding the taxonomic status of the causative organisms.
We still hope to receive more cultures of Honduras isolates from WRAIR to include
in this survey.

The organisms responsible for cutaneous and mucocutaneous disease in
the New World are currently receiving attention, and it is already becoming clear
that mucocutaneous disease may result from infection with more than one species or
subspecies of Leishmania.

A paper reviewing the biochemical taxonomy of isolates from the Aethiopian
zoogeographical region has now been published (Appendix IV).

Further isolates have been received from WRAIR for identification and
work on these is proceeding. The data available so far are as follows:

Lv Original designation

639 117 Herrera Man Honduras visceral
640 142 Animal  Honduras visceral (trypanosome)
641 158 Murray Man Panama cutaneous
642 182 Herrera Man Honduras visceral
643 195 Animal Honduras visceral
644 220 Hendricks Man cutaneous
645 219 Man India visceral
646 234 Dog Spain cutaneous?
647

648  LNI158 Murray Man Panama cutaneous
649 WR168 Khartoum Man Sudan visceral
650  WR271 Man Kenya visceral
651  WR272 McGillivary  Man Kenya cutaneous
652 WR275 Orviss Man cutaneous

Preliminary characterisation of LV639, LV642 and LV644 indicate that
the GPl and 6PGDH of all three are identical. These enzymes are quite different
from other isolates from patients with visceral leishmaniasis of the Old World.
Although the material has not yet been compared with markers for South American
L. mexicana, the enzymes looked at so far appear to be very close to these
organisms. Work is continuing on the identification of the whole series.

In Appendix V are listed isolates received in our WHO Collaborating Centre,~”
in addition to those listed as Annex 1 of our Final Technical Report of March 1977,
The total number of isolates in our collection is now 677.

o T iAo



4. IMMUNOLOGICAL STUDIES

The ELISA test designed for the diagnosis of visceral leishmaniasis in our
Department (Hommel et al., Ann. trop. Med. Parasit., 1978, 72, 213-218).
hos proved invaluable in identifying cases of kala-azar in India and helping to
differentiate those probably suffering from malaria but misdiagnosed. This work
is still continuing in collaboration with the staff of the National Institute of
Communicable Diseases, Delhi, and will be reported in due course. Filter paper
blood samples from man and a variety of domestic animals are being examined in
Liverpool by Mrs. Sells, and those from man are being examined by the FAT
by Dr. Lanotte of Montpellier University.

In vitro studies of T-cell function in cutaneous leishmaniasis and kala-azar
are being conducted by Mrs. Sells. The leucocyte migration test is proving negative
in patients known to have had Oriental Sore, but further investigations are being
carried out including the use of modified techniques. A relationship between
the type of cutaneous cellular response in infection with different Leishmania species
is suspected to determine whether ELISA-detectable antibodies are produced in a given

patient or not. This is being followed up in patients seen at clinics in England
and overseas.

5. PUBLICATIONS
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dated 20th November, 1978,
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SUMMARY OF ANTILEISHMANIAL DRUG TESTS e

Compound: Pentcstam Route of administration: s.:-. '
L .donovani (Strain LV9) Experiment No.: Lo Date:
Dose (mg/kg) ! No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control 4 1510
100.0 127387 6 437 247470
200.0  (60) 6 132 7.3+ 3.6
400.0 (120} 6 2 Q.1+ 0.1
600.0  (180) 6 ) 0
EDSO 75(59-104) ED9° 155(123-215) Pentostam Index 1.0
as Sb  22.5(17.7-31.2) as Sb_ 46.5(36.9-64.5)
L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) | Weekly mean lesion score | Sum Week 1-4 % Sum Week 1-7
112 131451617 (as % control) | suppression (as % control)
Control 0.2{0.2|0.5(0.5/0.8]1.2|1.4
eco (¥8b |o.1lo.2]0.4]0.6[0.8]0.8)0.6 92.9 b 7.1 72.9
1000 (300) 0.2)0.3}0.4}0.4}0.7 f0.6 0.8 92.9 7.1 70.8
1500 (450) 0.2]o.20.2)0.2]o.2| 0 |0.4 57.2 42.8 25.0
2000 (600) o | o [o.2]0.2]0.2 .2 L).z 28.6 71.4 20.8
SD 1050 SD,, 2750 Pentostam Index
ass& 315 as Zg 825 1.0
L. m. amazonensis (Strain LV78)  Experiment No.: Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
V]2 [3 1415167 (as % control) suppression | (as 9% control)
Control o.6}1.oh.31.31.4 h.4 p.3
(as S
100 (30) jo.9r.1h.af.21.3 p.3 .2 100 0 90.3
200 (60) |0.90.4 p.4p.3/0.6 p.8 b.4 47.6 52.4 40.9
400  (120) Jo.5)0.3b.3b.6)0.5 b.6 b.6 40.5 59.5 36.6
600  (180) {0.3)0.2 b.1 b.1j.6 p.3 b.a| - 16.7 83.3 21.5
SO 290 SO 860 Pentostom Index 1.0
50(as sy 87 9025 sp 258 .
Department of Parasitology ° Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters




SUMMARY CF ANTILEISHMANIAL DRUG TESTS

Compound; LIV '1:-7% WR ©O.eAD Route of administration: =~
BG 14463
L.donovani (Strain LV9) Experiment No.: Date:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control L6 Ll2 Lii L6 L12 L1
34 3 3160 3432 4030
1.0 - 5 1260 33.6 + 5.2
3.0 3 1357 24.9
10.0 3 103 1.9
30.0 ) 3 0 o)
EDy, 1.2 (0.6-1.9) EDgq 2.8 (1.5-4.6) Pentostam Index 55.4
L. major (Strain LV39) Experiment No.: | s Date:
Dose (mg/kg) |  Weekly mean lesion score | Sum Week 1-4 % Sum Week 1-7
112 | 3|4 5|67 (as % control) | suppression {os % control)
Confro‘ 0.2{0.2{0.6{0.911.6 2.01.7
3.0 o |lo.3jo.4f1.41.6 |2.0]2.4 100 o) 100
10.0 0.5lo0.8|1.9|1.0l2.0 2.8 ]2.9 100 o) 100
30.0 o lo.1lo.afi.0f2.0.2 .7 32 68 100
60.0(~1LD80) | 0 | 0 f1.of1.5]2.0 B.0 R.O I/ 100 ) 100
> MTD > frp entostam Index -
SDSO Squ Pentostam
L. m. amazonensis (Strain LV78)  Experiment No.: L52 Date:
Dose (mg/kg) tWeekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112131415617 (as % control) | suppression | (as % control) ‘
Control 0.210.2 p.6 p.9J1.6 .0 R.4
3.0 0.6l0.5 p.7p.31.2 1.8 p.7 100 0 100
10.0 0.2b.3b.7 b.ap.s b6 }.6 94 6 87
30.0 0 .4 p.4af.op.9 p.0 p.o 53 47 100
60.0(~1p80) | o |o }.o1.0p.0:2.0/2.4 - 100 0 100
> MTD > MTD tostom Index -
SDSO SD9O Pentos
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters




SUMMARY OF ANTILEISHMANIAL DRUG TESTS e

Compound: LIV i-.~ WR <O.cAD Route of administration: #0
BG 14403
L .donovani (Strain LV9) Experiment No.: 1. Date:
Dose (mg/kg) ! No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control 3 o275
1.0 5 514 22060+ 4.7
3.0 232 10.2 + 3.2
10.0 5 28 1.2 %+ 0.7
5050 0.4(0.2-0.6) ED90 2.5(1.7-4.4) Pentostam Index 2.0
L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) | ~ Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 1314 5]617 (as % control) | suppression (as % control)
Control
SD50 $Dgq Pentostom Index NOT TESTED.
L. m. amozonensis (Strain LV78)  Experiment No.: " Date:
Dose (mg/kg) IWeekly mean lesion score Sum Week 1-4 % Sum Week 1-7
1123|4156 ]7 (as % control) suppression | (as % control)
Control
NOT TESTED.
SD50 SD90 Pentostom Index NOT TESTED.
Department of Parasitology Signed:
Liverpool Schoo!l of Tropical Medicine Date:

Principal Investigator: Professor W. Peters




SUMMARY OF ANTILLISHMANIAL DRUG TESTS

Compound: LIV 1l1-: AR €OCA-1 Route of administration: sC
AG 73429
L.donovani (Strain LV9) Experiment No.: 1.3 Date:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control B
Control 3 4600
3.0 5 1490 32,4 0+ 3.3 1
10.0 5 730 15.9 + 3.1
30.0 5 560 12.2 + 4.2
60.0( MTD) 5 125 2.7 + 0.8
2.2(1.0-3.9) 30(14-63) 5.2
ED50 ED‘:)0 Pentostam Index
L. major (Strain LV39) Experiment No.: | ., Date:
Dose (mg/kg) | ~ Weekly mean lesion score | Sum Week 1-4 % Sum Week 1-7
112 | 3145|617 (as 9% control) | suppression (as % control)
Control 0.l1fo.4p.6jo.6|1.3 .9 p.4
3.0 0.1]0.2 0.410.311.0 p.8. P..9 58.8 41.2 64.4
10.0 0.1j0.4 p.2o.1}0.6 p.6 p.9 47.1 52.9 39.7
30.0 0.1l0.4ap.2p.4lo.5b.a .o 64.7 35.3 41.1
7.0 > MTD de -
SD50 SD?O Pentostam Index
L. m. amozonensis (Strain LV78)  Experiment No.: 148 Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112113 ]4]5([6]7 (as % control) | suppression | (as 9% control) |
Control 0.410.5p.8p.91.2 p.7 .0
3.0 0.2P.4pb.5p.4p.4 p.1 p.1 58 42 .38
10.0 0.40.310.220.40.5/0.6]1.1 58 42 67
30.0 0.4p.2]0.40.40.8/0.8/1.2 62 38 80
60.0 ( LpBO){l.0 1.5 Jo.500.90.5{1.0]2.0 - 100 o) 100
> MTD de -
SDSO SD,0 Pentostam Index
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LIV/142¢ WR _JAZ9ZAA Route of administration: sC
BG 44741
L .donovani (Strain LV9) Experiment No. : i s Li- Date:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control L4 L12 3 Li.
3 4 4525 3432
30.0 3 4550 100
60.0 3 723 16.0
100.0 € Laloo' -
~ 50 ~ 62- ~ 2.5
EDSO EDyq Pentostam Index
L. major (Strain LV39) Experiment No.: Date;
Dose (mg/kg) | Weekly mean lesion” score Sum Week 1-4 % Sum Week 1-7
112 31451617 (as % control) | suppression (as % control)
Control 0.10.4 1.3 2.4 2.8/3.6]3.3
30.0 0 |o 010.4 2.0/3.5]3.9 11.4 88.6 63.8
100.0 - |- -1 -1 -1-1- LD,
SD50 ~ 30 5090 > MTD Pentostom Index -
L. m. amazonensis (Strain LV78)  Experiment No.: Date:
Dose (mg/kg) |Weeklr mean lesion score Sum Week 1-4 % Sum Week 1-7
11213 |4[5][6]1]7 (as % control) | suppression | (as 9% control) ’T
Control
NOT TESTED.
SDSO SD90 Pentostom Index NOT TESTED.
' Department of Parasitology Signed:
| Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: 1Liv .. WR Z2620IAA Route of administration: pc
BG 44341
L .donovani (Strain LV9) Experiment No.: . Date:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control 3 2272
1.0 5 28 1.2 + 0.7
3.0 5 o) o)
10.0 5 ) o)
EDSO <1.0 5090< 1.0 Pentostam Index > 155
L. major (Strain LV39) Experiment No.: Lci Date:
Dose (mg/kg) l Weekly mean lesion score Sum Week 14 % Sum Week 1-7
2 | 3|4 5[6 |7 (as % control) [ suppression (as 9% control)
Control .8 [1.2[2.4]3.0[3.3{2.8]3.0
1.0 0.4 10.2 0.110.2}0.2]0.2]0.6 12 88 12
3.0 .4 l0.4 0.210.4f ol o] o 19 81 8
10.0 0.4 0 O |0.4} © 0 0 11 89 5
<1.0 1.0 ~ 155
SDSO 5090 ~ Pentostam Index :
L. m. omozonensis (Strain LV78)  Experiment No.: L53 Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 (3 |14}15]6]7 (as % control) | suppression | (as 9% control)
Control 1.202.813.043.0]2.6(2.3]2.3
1.0 0.6] 0 }0.2]0.4}0.810.7]0.8 12 88 20
3.0 0.2}0.2]0.8}0.640.7}1.0[0.9 18 82 26
10.0 0.4{0.2]|0.4]0.6]0.5|1.0|1.2 16 84 25
SD50 <1.0 SD90 » 10.0 Pentostom Index < 15.5
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LTV 1:.7 WR 2LICCCAB Route of administration: <€
BG 11417
L .donovani (Strain LV9) Experiment No.: L1 s Li! Date:
Dose (mg/kg) ' No. of animals Mean amastigotes/1000 host cell nuclei % Control
TI2 TIT T =T
Control 4 3 4459 4030
1.0 5 2260 5.8 + 11.¢
3.0 5 1680 41.5 + 5.9
10.0 6 198 1.5 + 1.7
30.0 6 0 o
ED50 1.9(0.8-3.2) EDgq 5.0(2.5-7.5) Pentostam Index 31.0
L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) | Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
: 112 |34 51617 (as % control) | suppression (as % control) )
Control 0.1[0.4[1.3]2.6[2.8[3.6{3.3
10.0 o| olo.s|2.6|2.8[3.3}3.1 70.5 29.5 87.2
30.0 ol o] 0]o0.7|2.0]2.4]2.4 15.9 84.1 53.2
SD 50 V33 5090 > MTD Pentostam Index -
L. m. amozonensis (Strain LV78)  Experiment No.: " Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7 d
112 ({3 ]|4|5]6]7 {as % control) suppression |  (as 96 control)
Control 0.1 :0.410.50.8]1.2[1.2]1.8
lo.0 0.1 |0.5{0.8]1.2]1.4{2.2]2.1 100 0O 100
30.0 o |o.2fo.7|1.0]1.0{1.8]2.0 100 ) 100
: > MTD MTD -
SDso SD90 > Pentostom Index
e Department of Parasitology Signed:
: Liverpool School of Tropical Medicine Date:
¢

Principal Investigator: Professor W. Peters




SUMMARY OF ANTILEISHMANIAL DRUG TESTS S

Compound: LIV 1:.°7 WR. L1 onAR Route of administration: PO
BGLIil”
L .donovani (Strain LV9) Experiment No.: 13 Date:
Dose (mg/kg) ' No. of animals Mean amastigotes/1000 host cell nuclei % Control
!
Control ! 3 2273
1.0 S 1022 15.0 + 5.4
3.0 5 394 17.3 + a
~10.0 5 2 0.1 + o.:
1.0(0.8~1.7) 2.7(1.9-4.2) 57.4
F ED4, EDgq Pentostam Index
L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) | Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
1123|4567 (as % control) | suppression (as % control)
Control
SDSO SD90 Pentostom Index NoOT TESTED.
L. m. amazonensis (Strain LV78)  Experiment No.: " Date:
Dose (mg/kg) TWeekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 ({3 |4]|5](6]|7 (as % control) | suppression | (as % control)
Control
NOT TESTED.
SDSO SD9° Pentostom Index NOT TESTED.
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

&
§ i Principal Investigator: Professor W. Peters i
J




Compound; =1 17~ WE ZLLECeAB Route of administration: =
RG 1liL7
L .donovani (Strain LV9?) Experiment No.: I Date: B
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control ~
Control 3 1120
O 5 1470 Pl - -
10.0 5 330 Lo+
0.0 5 120 RER U.t
EDg,  2-3(1.6-3.9) EDgy  13(9.5-2D) Pentostam Index  11.°
L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) | Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
L V]2 1314151617 (as % control) | suppression (as % control)
Control
OT TESTED.
SD50 5090 Pentostam Index NOT TESTED.
L. m. amazonensis (Strain LV78)  Experiment No.: Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 (3 (415167 (as % control) | suppression | (as % control)
Control
NOT TESTED.
SD50 5090 Pentostom Index NOT TE=Z:D.
D epartment of Parasitology Signed:
Liverpool School of Tropical Medicine Date:
5 Principal Investigator: Profsssor W. Peters '




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

5

Route of administration:

Compound: LIV 'L ' S
L .donovani (Strain LV9) Experiment No.: L~ | Date:

Dose (mg/kg) 'No. of animals Mean amastigotes/1000 host cell nuclei % Control -
Control 3 1030

100 5(5 died) -

200 5(5 died) -

30 5(5 died) -

ED,, EDgyg Pentostam Index
Date:

Experiment No.:

L. major (Strain LV39)
Dose (mg/kg) I Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 |3]4)15]16 |7 (as % control) | suppression (as % control)
Control
SDSO 5090 Pentostam Index NOT TESTED.
L. m. amazonensis (Strain LV78)  Experiment No.: Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 |13 14}15[6]7 (as % control) suppression | (as 9% control)
Control
Do $Dg, | Pentostom Index NoT TESTED.
Deportment of Parasitology Signed:
Date:

Liverpool School of Tropical Medicine

Principal Investigator: Professor W. Peters




SUMMARY CF ANTILEISHMANIAL DRUG TESTS

Compound; LIV 14I: WR 21057 2AB Route of administration; SC
BG 45062
L.donovani (Strain LVS) Experiment No.: L1. « .2 Date:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control
L1z Lls il L3
Control 4" 1 4459 2515
1.0 6 1920 i+ a
3.0 6 1632 63.9 + 4.3
10.0 6 1890 42.4 % 4.5
30.0(MTD) 6 o} 0
D 7.0(3.0-10) 11.5(5.4-17) 13.5
E 50 ED90 Pentostam Index
L. major (Strain LV39) Experiment No.: L40 & L22 Date:
Dose (mg/kg) | Weekly mean lesion score [ Sum Week 1-4 % Sum Week 1-7
112 )34 5]6]7 (as % control) | suppression (as % control)
Control 140 0.4 1.0 2.0| 2.4 3.8|3.6|3.8
3.0 0.5/ 2.012.0{ 2.4 2.4| 2.8} 3.0 100 r (0] 86.8
Control L22 0.1} 0.4]1.3;2.6| 2.8{3.6]3.3
10.0 0.310.710.8] 1.3 2.2]3.3,2.9 70.5 29.5 8l.6
30.0(MTD) 0.2{1.0{1.0l 1.5 1.0[2.5 3.q 84.1 15.9 72.3
SD ntostam Inde -
50 >MID 5090 > MTD Pentostam Index
L. m. amozonensis (Strain LV78)  Experiment No.: Date:

Dose (mg/kg) lWecle mean lesion score Sum Week 1-4 % Sum Week 1-7
112 |13 (45|67 (as % control) | suppression | (as 9% control)
Control
SDSO 5090 Pentostom Index NOT TESTED.
Department of Parasitology - Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters
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SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LIV 1:i:3 WR C1oZ7RAB Route of administration: P
BG 42260
L .donovani (Strain LV9® Experiment No.: .. Date:
Dose (mg/kg) ! No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control 2273
3.0 5 1330 S8.3 + 4.0
10.0 5 668 29.4 + 7.3
30.0 5 18 0.8 + 0.5
ED;, 4-3(2.6-7.5) EDgy 13(8.0-23) Pentostam Index 11-9
L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) | Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 |3|4]5]61|7 (as % control) | suppression (0s % control)
Control
5054 SDgq Pentostam Index NOT TESTED.
L. m. omazonensis (Strain LV78)  Experiment No.: Date:
Dose (mg/kg) ‘Woekl( mean lesion score Sum Week 1-4 % Sum Week 1-7
112 13 [(4}15]6]7 (as % control) | suppression | (as % control)
Control
5Dso $Dgg Pentostom Index NOT TESTED.
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters
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SUMMARY OF ANTILEISHMANIAL DRUG TESTS S
/
Compound: 11 /1324 WR -0¢2STAA Route of administration:  sc
BG 444253
L.donovani (Strain LV9) Experiment No.: 11: « ol° Date: B
Dose (mg/kg) ! No. of animals Mean omashgoﬂlOOO host cell nuclei % Control
Control L13 Li3 L1s Lis
4 ;! 4020 2517
1.0 6 1328 7207+ Bl
3.0 6 1513 60.2 + 5.0
10.0 6 106 42,4 + 2.9
30.0 3 95 2.4 + 0.8
100.0 6 o) 0
ED50 5.3(3.2-9.5) ED90 14.5(9.0-26) Pentostam Index 10.7
L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) | Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 |3]4]5]617 (as % control) | suppression (as % control)
Control 0.4 1.9 2.9 2.4 3.8 3.¢| 3.4
1.0 0.5 2.4 2.3 2.9 2.7 3.9 3.4 100 o) 94.8
3.0 o.2] 1.4 2.d2.d 2.4 3.9 4.4 100 0 91.4
10.0 0.3/ 1.4 1.4 2.4 2.9 2.¢| 3.0 91.9 9.1 79.3
> 10.0 10.0 -
SDSO SD9O > Pentostom Index
L. m. amozonensis (Strain LV78)  Experiment No.: " Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 |3 |4}151617 (as % control) | suppression | (as % control)
Control
SDSO SD9O Pentostom index NOT TESTED. |
Department of Parasitology Signed: ;!
Liverpool School of Tropical Medicine Date: 1

Principal Investigator: Professor W. Peters




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: L1iv ;. »

Route of administration:

poli

L_.donovani (Strain LV9) Experiment No.: - ; Date:
Dose (mg/kg) (m mg/ kg) No. of animals Mean omashgo?eJIOOO host cell nuclei % Control
Control 3 3030
1.0 5 2570 €3.5 + 3.5
3.0 5 1760 41.5 + 10.0
10.0 5 1590 30,3 + 6.2
3.6(1.0-8.0) 11.5(3.5-24) dex 13.5
ED50 ED?O Pentostam |ndex

L. major (Strain LV39) Experiment No.:

Date:

Dose (mg/kg) | ~ Weekly mean lesion score | Sum Week 1-4 % Sum Week 1-7
112 |3 |14|[5]6]17 (as % control) | suppression (as % control)
Control
SDSO SD90 Pentostam index NOT T‘-ESTED.
L. m. amazonensis (Strain LV78)  Experiment No.: Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 13 14(516]7 (os % control) suppression |  (as 9% control)
Control
SD50 5090 Pentostom Index NOT TESTED.
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters

.
%
}




SUMMARY OF ANTILEISHMANIAL DRUG TESTS Tile

Compound; LIV 1370 WR 1Z37TAC Route of administration:  SC
AW 1660
L.donovani (Strain LV9) Experiment No.: Li5 Date: B
Dose (mg/kg) ! No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control 5 2070
3.0 5 1710 82.6 + 7.
10.0 5 1390 67.2 + 10.9
30.0 5 1100 53.1 + 9.3
60.0 5 740 35.8 + 3.3
100.0 5 i 363 17.5 + 3.5 i
20(9.5- ,7 - .
EDSO (9.5-44) ED90 145(67-300) Pentostam Index 1.1
L. major (Strain LV39) Experiment No.: L50 Date:
Dose (mg/kg) ‘ Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
: 112 |3]4)5]6]7 (os % control) | suppression (as 9% control)
Control 0 |lo.1|o0 f.8l0.8p.4p.6
10.0 ofo {o p.ajr.2p.1p.6 44 56 100
30.0 o lo.1{o lb.ali.8p.4ap.8 56 44 100
60.0 o lo.1]o f.5f1.6 p.0op.7 67 - 33 100
100.0 o|o |o jo.6l2.op.2p.s 67 33 100
> 100 100 -
SDSO SD?0 > Pentostam index
L. m. amozonensis (Strain LV78)  Experiment No.: L49 " Date:
Dose (mg/kg) lWoeldy mean lesion score Sum Week 1-4 % Sum Week 1-7
V12 (3 |4151617 (as % control) | suppression | (as 9% control)
Control 0.110 p.4p.5.3]0.2{0.7%
10.0 0.110 p.4p.2p.7 1.0‘ 1.3 70 30 100
30.0 0O 0.1 p.4p.3P.5}0.4/0.5 80 20 95
60.0 0O }lo p.4p.2p.3]0.5 l.i 60 40 100
100.0 0 0.4 p.4ap.4ap.3{0.7/1.2 . 100 0 100
SDSO > 100 Sl)90 > loc Pentostom Index -
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:
Principal investigator: Professor W. Peters ‘1




| SUMMARY OF ANTILEISHMANIAL DRUG TESTS A

’ Compound; LIV/1%%: WR D147 AR Route of administration:  SC
| GLUCANTIME  BE 47137
J L.donovani (Strain LVY) Experiment No.: L¢3 Date:
Dose (mg/kg) | No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control 3 3120
f 3.0 5 1950 62.6 + 8.6
10.0 5 1910 61.3 + 8.9
30.0 5 1630 52.3 + 12.9
ED 50 > 30 E090 > 30 Pentostam Index -
L. 'n\d"|or (S‘rroin LV39)‘ ' Experiment No.: Date:
Dose (mg/kg) | Week |y mean lesion score Sum Week 1-4 % Sum Week 1-7
112 | 3|4 5617 (os % control) | suppression (as 9% control)
Control
L
D40 SDgg Pentostam Index NOT TESTED.
L. m. amazonensis (Strain LV78)  Experiment No.: " Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 13 ]|]4]51617 (0s % control) | suppression | (as % control)
Control
i -
NOT TESTED.
’ D54 $Dgq Pentostom Index NOT TESIED.
‘ Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters ;1'3;‘




SUMMARY OF ANTILEISHMANIAL DRUG TESTS Taele s

Compound: LIV/1533 WR 213075aB Route of administration: sc
GLUCANTIME  BE 43137
L.donovani (Strain LV9) Experiment No.: r.¢ Date:
Dose (mg/kg) ! No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control 3 1030
100 5 420 40.8 + 19.2
200 5 170 16.5 + 12.1
3c0 5 60 5.5 + 1.9
ED50 35(12-90) 5090 200 (70-500) Pentostam index ©-8
L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) ‘ Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 (345617 (as % control) | suppression (as 9% control)
Control
?
5050 SD?O Pentostam Index noT TESTED.
L. m. amazonensis (Strain LV78)  Experiment No.: ~ Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7 p
112 13 14]5]61|7 (as % control) | suppression | (os 9% control)
Control
Soso SD90 Pentostom Index NOT TESTED.
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters ‘
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SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: LIV/1157 WR 1.32C5AB Route of administration: sc
BB 4£455
L .donovani (Strain LV9) Experiment No.: Date:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control
!ED50 ED9° Pentostam Index NOT TESTED.

L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) |  Weekly mean lesion score | Sum Week 1-4 % Sum Week 1-7
112 |3]4]5]61}7 (as % control) | suppression (as % control)
Control
SDSO Sl)90 Pentostam Index NOT TESTED.
L. m. amazonensis (Strain LV78) Experiment No.: Date:
Dos~ (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
1]2 (3 4|[5]6]7 (as % control) | suppression | (as 9% control)
Control o.1fo.4p.sfi.ofi.1 ph.6 p.4
3.0 O.l1jc.6e p.3p.5j1.1 f.6 .2 100 (o) .86.5
10.0 v.1{0.4 p.6pb.6J1.6 p.1 p.2 . 73.9 26.1 100
30.0 o jo.1p.ap.sp.9p.1].6 43.5 56.5 62.6
100.0 (o) .4 p.4pP.5)1.1 p.6 .2 - 56.5 43.5 70.3
> 100 100 -
_‘ SDso 5090 > Pentostom Index
; Deportment of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters

A -




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound; LIV 1:™0 @R [ 7RE-1% AG #4740 Route of administration:  SC
_PRIMACUINE TIPHOSDHATE
L.donovani (Strain LV9) Experiment No.: 12 s L4l Date:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control LS L3t Lo P
° 3 3 5153 4030
1.0 5 3040 75.1 + 1241 \
3.0 5 2390 59.0 + 12.8 '
10.0 5 1000 24.7 + 5.0
30.0 5 487 9.5 + 1.5
60.0 (MTD) 5 10 0.2 + 0.04
ED 4.6(2.7-9.0) ED.. 16.5(9.5-33) Pentostam Index  2-4
50 90
L. major (Strain LV39) Experiment No.: 140 & L22 Date:
Dose (mg/kg) |  Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 )3]4]15]617 (as % control) | suppression (as % control)
Con"-ol L40 0.4/ 1.0}2.0l2.8] 3.8]3.6|2.8
1.0 0.5 2.4l 2.4} 3.8/ 4.0|3.6}4.0 100 o 100
3.0 0.1} 0.6[1.4}2.1| 2.3{2.0|2.8 67.7 32.3 64.9
10.0 0.1 0.8|1.4]2.5| 2.4|2.8]3.2 77.4 22.6 75.9
Control L22 0.110.4[1.3[2.¢] 2.8]3.61]3.
30.0 o |o lo.2{1.0{1.2]2.4]2.7 40.9 59.1 53.2
60.Q (MID) o lo jo fi.5/2.2]2.7]3.0 34.1 65.9 66.7
D entost nde -
S 50 SDgy > MTD Pentostam Index '
L. m. amazonensis (Strain LV78)  Experiment No.: 14> " Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
V12 /3 )]415}6]7 (as % control) | suppression | (as 9 control)
Control 0.1 fo.4{o.5{0.8] i.2]|1.2|1.8
30.0 0 |o.3}0.6|0.6]0.8}1.7|1.9 83.3 16.7 . 98.3
60.0 (MTD) o| o |o.4]1.2}1.401.9]2.0 88.9 11.1 100
> MTD ¢ dex -
5D, $Dg, Pentostom In
' Department of Parasitology Signed:
- Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound; LIv/1:73 WR 181023AG Route of administration:  S°
$-METHYL PRIMAQUINE BE 30003
L .donovani (Strain LV9) Experiment No.: pa2 Date:
Dose (mg/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control K 1600
3.0 5 1804 39.2 + 2.4
10.0 5 450 9.8 + 3.2
30.0 5 60 1.3+ 0.6
60 .3 5 10 0.2 + 0.2
100.0 5 . %
2.7(1.6-4.5) 9.8(4.8-15.5) 15.8
ED50 ED90 Pentostam |ndex
L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) ‘ Week |y mean lesion score Sum Week 1-4 % Sum Week 1-7
112 |3]4]5]6]7 (as % control) | suppression (os % control)
Control 0.1{0.4[0.6]0.6]1.3[1.9]2.4
3.0 0.1/0.20.4}0.7]0.510.4 1.2 82.4 17.6 50.7
10.0 0.110.2{0.60.510.7 0.8 |L.O 82.4 17.6 53.4
30.0 o) 0.2(0.410.4(0.810.8|1.2 58.8 41.2 52.1
60.0 o} 0 0.310.5]0.7 1.3 1.3 47.1 52.9 56.2
> 60 > 60 n
SDSO SD90 Pentostam Index
L. m. amozonensis (Strain LV78)  Experiment No.: L48 Date:
Dose (mg/kg) IWeekly mean lesion score Sum Week 1-4 % Sum Week 1-7 +
11213 |4]51]6 (as % control) suppression |  (as % control)
Control 0.4]0.5 P.B P.9 1.2 p.7Q.0
10.0 l.0j]l.o0p.50.6l0.6 p.7 p.1 100 0 - 100
30.0 0.40.5 p.6 p.6 1.0 p.7 h.o 73 27 87
60.0 0.40.6 p.7p.4|1.1 p.7 .3 81 19 95
100.0 0.6 6 6 p.6 6 p.8 3 - 92 8 93
D > 100 > 100 t de -
S 50 SD9O Pentostom Index
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

fi Principal Investigator: Professor W. Peters




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound; LIV 1375 WRLIIDIE Route of administration: S
S-METHYL PRIMAUINE IN AL
L.donovani (Strain LV9) Experiment No . : Date:
Dose (m_g/kg) No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control 3 3120
3.0 5 780 25.0 + o
10.0 5 460 14.8 + 1.2
30.0 5 280 9.0 + 1.2
100.0 5 e} (0]
EDSO 4.0(1.4-10.5) Equ 12.2(4.3-32) Pentostam Index 12.7
L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) | ~ Weekly mean lesion score |  Sum Week 1-4 % Sum Week 1-7
112 3|14 |516]7 (as % control) suppression (as % control)
Control
5050 5090 Pentostam Index NOT TESTED.
L. m. amozonensis (Strain LV78)  Experiment No.: Date:
Dose (mg/kg) \Wule mean lesion score Sum Week 1-4 % Sum Week 1-7
12 (3 (14156 |7 {as % control) | suppression | (os % control)
Control
NOT TESTED.
5050 5090 Pentostam Index NOT TESTED.

Department of Parasitology
Liverpool School of Tropical Medicine

Signed:
Date:

Principal Investigator: Professor W. Peters




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: 11 ., WR AL Route of administration:
J-METHYIL PRIMATUINE BE: "0
L .donovani (Strain LV9) Experiment No.: .-~ Dote:
Dose img,’kg) ' No. of animals Mean amastigotes/1000 host cel! nuclei ! % Control
Control 3 LB
3.0 2310 ST o
10.0 s 2950 LT e T
30.0 3 . 9.10 B - -
| :
EDSO ED‘?O Pentostam |ndex
L. major (Strain LV37) Experiment No.: Dat::
Dose (mg/kg) | Week'!y mean lesion score Sum Week 1-4 % Sum Week 1-7
112 13141 5]6 |7 (as % control) | suppression (as 9 controi)
Control
~ e e .
NOT TESTED.
SD:.,0 SD90 Pentostam Index NI TESTRD.
L. m. amozonensis (Strain LV78)  Experiment No.: ) Date:
Dose (mg/kg) lw»ur mean lesion score Sum Week 1-4 % Sum Week 1-7
112 (3 14[5([6]7 (as % control) | suppression | (as 96 control)
Control
NOT TESTED.
SO 50 5090 Pentostom index NOT TESIRD.
: Deparment of Parasitology Signed:
"\' Liverpool School of Tropical Medicine Date:

{ : Principal Investigator: Professor W. Peters
4




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compourd: =10 = - WE 1o Route of administration:
L.donovani Strain LV9: Experiment No.: - Date:
Dose (mg’kg/ ~ No. of animals Mean amastigotes/1000 host cell nuclei ‘ % Control
Control i 100
— 1
100 \ 250 -
200 Lodied) 213 0.0+ T
200 SR died) - _
L
EDSO 34(12-80) EDQO 270(20~ MTD) Pentostam |ndex O.r
L. major (Strain LV39) Experiment No . Date:
Dose (mg/kg) l Weekly mean lesion score Sum ‘Week 1-4 % Sum Week 1-7
l o 112 | 345617 (as % control) | suppression {os % control)
' Control
| »
— ] | . :
SDSO SDgq Poutostam Index roT v oTED.
L. m. amazonensis (Strain LV78)  Experiment No.: " Date: ’
Dose (mg/kg) lWeele mean lesion score Sum Week 1-4 % Sum Week 1-7
112 13 14151617 (as % control) suppression | (as 9 control)
Control
NOT TESTED.
SDSO 5090 Pentostom Index NOT TESTED.
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

- p
ék Principal Investigator: Professor W. Peters ‘




SUMMARY OF ANTILEISHAANIAL DRUG TESTS

Compound: ' - MR 2 AT Route of administration: &
CLINTANTC BI04
L.donovani (Strain LV9) Experiment No.: Lt Date: -
Dose (mg/kg) No. of animals Mean amastigotes/1 000 host cell nuclei % Control
Control 3 5360
1.0 3 4710 8¢
3.0 3 3647 6GL8
10.0 3 2090 35,3
30.0 3 1320 35.4
100.0 3 1633 29.9
ED .6
50 1° 5090 > 100 Pentostam Index <1

L. major (Strain LVI?)

Experiment No.:

Date;

i Principal Investigator: Professor W. Peters

Dose (mg/kg® | Weekiy mean lesion score Sum Week 1-4 % Sum Week -7
112 |3]415]617 (as % control) | suppression (s % cor.trol)
Control
?
sD 50 5090 Pentostam Index NCT TESTED.
L. m. amozonensis (Strain LV78)  Experiment No.: Date:
Dose (mg/kg) TWeekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 |3 14151617 (as % control) | suppression | (as % control)
Control
$D54 $Dy, Pentostom Index NOT TESTED.
i Department of Parasitology Signed:
‘ Liverpool School of Tropical Medicine Date:




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

T Tyt
—h .- -t

Route of administration:

Compound: UI4Toma
L.donovani (Strain LV9) Experiment No.: . Date:
Dose (mg/kg) ' No. of animals Mean amastigotes/1000 host cell nuclei % Control
Control 3 5460
jo.o 3 2420 13,2
EDSO <0 EDgo >30 Pentostam Index < 5.2
L. major (Strain LV39) Experiment No.: Date.
Dose (mg/kg) | Weekly meur lesion score Sum Week 1-4 % Sum Week 1-7
V12 314151617 (as % control) | suppression (ws % controi)
Control
P
—1 —-
SDSO SD‘?O Pentostam Index NOT TESTED.
L. m. amozonensis (Strain LV78)  Experiment No.: Date:
Dose (mg/kg) I Weekiy mean lesion score Sum Week 1-4 % Sum Week 1-7
V12 131415167 (as % control) suppression |  (as % control)
Control
$Dsq SD,0 Pentostom Index NOT TESTED.
Department of Parasitology Signed:
Date:

Liverpool School of Tropical Medicine

Principal Investigator: Professor W. Peters




SUMMARY OF ANTILEISHMANIAL DRUG TESTS B

Compound: AMPHCTIEICIN & Route of administration:

L donovani (Strain LV Experiment Nc.: - . Date: )
Dose (mg/kg) 'No. of animals Mean amastigotes 1000 host cell nuclei 1 % Control
Control ; S

10.0 , S TaL .

0.0 : 438 L0+ 1.0

100.0 a6} 2303 : -t

00.0 G 527 20.5 + 4.8

11(4.5-32) 950 (450- 1000} 0.2
EDSO E090 Pentostam [ndex

L. major (Strain LV39) ' Experiment No . ; Date:

Dose (mg/kg) ‘ Weekly mean lesicn score | Sum Week 1-4 % Sum Week 1--
o, 112 |3}|415161]7 (as % control) | suppression (os % ccntizy)
Control 0 [0.2{1.5(2.1(2.9 3.2 (3.2
10.0 Vo osh.elesloab.aboo 100 } ¢ 87
30.0 o {t.oli.afi.alieh.sl.e 93 7 67
10070 oo p.ef.sl2.8p.s].4 53 47 75
' |

300 ) .2b.4p. .4 p.8 p. 8 82 20

QG ) | ¢ Jo-2b.ap.2jo.ip.ap.s 1 )
SD s0 135 SD90 ~ 1000 Pen*ostam Index

L. m. amozonensis (Strain LV78)  Experiment No.: " Date:

Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
11213 j4(5/6]7 (as % control) suppression |  (as 96 control)
Control
OT_TESTED.
SDSO !iD90 Pentostom Index NOT TESTED.
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:
Principal Investigator: Professor W. Peters !
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SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: &Y =7 Route of administration:
L .donovani (Srrain LV9, Experiment No.: Ll Date.
Dose (mg/'kg) ' No. of animals Mean omastigotes/1000 host cell nuclei | % Cantrol
Control 3 25753
10.0 ' ‘ 370 LR RO
30.0 & 803 3.3+ 7Ll
100.0 € 702 T e 0
300.0( LDy, 6 350 1:.
€00.0( LD, ) & - -
8.5(2.5-12.5 -
ED 50 (2.5-12.5) 5090 > MTD Pentostam [ndex
L. major (Strain LV39) Experiment No.: L35 Date:
Dose (mg/kg) | Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
~ 112 3[]4]5]6 |7 (as % control) | suppression (as % control)
Control o [0.2p.ah.211.0 .7 R.O
60.0 0o jo.ob.rh.on.2h.20.4 89 11 83
100.0 (o) > p.41.001.3 L.3 R.5 78 22 100
300.0 o|o p.2pb.8j1.6 1.6 |L.6 56 44 89
600.0 o (o p.: F.6 .7 £.0 1.2 50 50 o
!
SDSO 5090 > MTD Pentostam Index
L. m. amozonensis (Strain LV78)  Experiment No.: Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
V12 {3 |45 617 (as % control) | suppression | (as % control)
Control
tostom Index NOT TESTED.
SDso SD?O Pentostom Index NOT TESTED.
Department of Parasitology Signed:
Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters ‘




SUMMARY CF ANTILEISHMANIAL DRUG TESTS

o IBM

-
NN LD

AR JO0LR

Route of administration: &

Department of Parasitology

Signed:

L .donovani kSrr‘éin LVY: Experiment No.: --- Date:
Dose (mg,kg) 'No. of animals | Mean omastigotes/1000 host cell nuclei 1 % Control
Control 5 1210
60.0 6 1137 62.3 + 15.¢
100.0 {MTD) G 890 39.2 + 3.6
EDSO ~ 100 5090 > MTD Pentostom Index -
L. major (Strain LV3) Experiment No.: Date:
Dose (mg/kg) , Week!l, nzan lesion score Sum Week 1-4 % Sum Weel 1 -7
_ 12 |3|4)15]6]7 (as % control) suppression (@s % con*oi)
Control
SDSO SDgq Pentostam Index NOT TESTED.
L. m. omazonensis (Strain LV78)  Experiment No.: ~ Date:
Dose (mg/kg) 1Weekly mean lesion score Sum Week 1-4 % Sum Week 1-7
11213415617 (as % control) suppression | (as 9% control)
Control
SD50 5090 Pentostom Index NOT TESTED.

Liverpool School of Tropical Medicine Date:

Principal Investigator: Professor W. Peters




SUMMARY OF ANTILEISHMANIAL DRUG TESTS

Compound: 7V 1T WR 1247 Route of administration: -
MITACL LI HYTEOCHT CRIDE AR 72000
L donovani (Strain LV9Y Experiment No.: 1. Date:
__ Dose (mg/kg) ' No ._of animals Mean amastigotes/1000 host cell nuclei ‘ % Control
i Control 3 1810
f
|
} 30.0 & 1480 §1.8 + 10.7
60.0 6 827 45.7 + 1.2.3
. 6 _
| EDSO ~ 60 5090 > 60 Pentostam |ndex
L. major (Strain LV39) Experiment No.: Date:
Dose (mg/kg) | Weekly mecn lesion score | Sum Week 1-4 % Cum Week 1-7
N 112 [3|45]6}|7 (as % control) | suppression (os % coniroi,
Control
— |
SDSO SD?O “entostam Index NOT 1ESTEL.
L. m. amazonensis (Strain LV78) ?xperimen? No.: T " Date: .
Dose (mg/kg) TWeekly mean lesion score Sum Week 1-4 % Sum Week 1-7
112 |3 [4(5]16]7 (os % control) suppression | (as 9% control)
Control
- D54 S0y, Pentostom Index NOT TESTED.
' Department of Parasitology Signed:
: Liverpool School of Tropical Medicine Date:
= Principal Investigator: Professor W. Peters
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'Repnnred from Nature, Vol 272, M.

5648, pp. S5 56, March 2, 19078,

2 Macmillan Joumals Lid., 1978

Antileishmanial activity
of antimonials entrapped in liposomes

THet use of liposomes in chemotherapy as a method of ensuring
that drugs reach the diseased or defective tissues sutfers from the
drawback that, on intravenous injection, the bulk of the material
is rapidly cleared by the phagocytic cells of the liver!, and does
not reach the desired target. We report here a system 1n which
advantage is taken of thus behaviour to treat visceral leish-
mantasis in muwe, in which the amastigote parasites reside
unharmed in vacuoles inside the Kuptier cells of the liver®.
Liposomes were prepared tfrom lecithin (puritied from egg
yolk by the method of Pungborn?) by ultrasonication as
described by Bangham and Horne!. Lecithin (200 mg) was
dispersed in 10 ml fluid, and sonicated in the cold for §
min. For liposomes containing drug, 2 g either of antimony
potassium tartrate or sodium antimony gluconate were included
in the dispersion. Otherwise. the material was dispersed in
distilled water alone. After sonication, the suspension was passed
through a glass tibre hlier pad. dialyscd tor 3 d against 21 of
normal saline (with three changes ot med:.m) and then con-
centrated 10-fold using an Amicon XM 100 filter. The quantity
of antimonial drug retained in the concentrate was measured by
atomic absorption spectroscopy. The filter held back up to 90°,
of the antimony contained in the dialysate. This material was
fwnd to sediment within 30 min at 100,000g. The above
~rfocedure gave liposomes containing typically a total of S mg
drug. After storing for 1 week at room emperature, at least
50", of the antimony was retained within sedimentable lipo-
somes, the remainder having escaped into solution. A fresh
preparation was used for each experiment described. Figure 1
shows an example of an antimony-containing liposome which
displays the characteristic multilamellar structure. Preliminary
observation by X-ray microanalysis has provided additional
evidence for the presence of antimony in these vehicles.

Fig. 1 Electron micrograph of section of mouse liver showing

liposome containing potassium antimony tartrate 1 h after intra-

venous injection. Tissue fixed in 3°, glutaraldehyde in 0.1 M

cacodylate butfer post-fixed in 1°, osmium tetroxide and em-
bedded in Araldite. ( - 200,000),

Table 1 Surviva! of amastigotes in the Iner after treatment with
drug-loaded liposomes

Dose adnun-

istered img  Parasites per
per hg body 200 cell
Expt Drug Treatment weight) nucler - s.e.

1 Potassium  None None a0 - S0
antimony Drug alone 20 200 - 17

tartrate *Drug within hiposomes 20 0
2 Potassium  None None RETIEY
antimony Liposomes alone None N6l N
tartrate Drug alone 20 Tou 0l
*Drug - hposomes 20 04 b6

*Drug within hiposomes 20 0
3 Potassium  None None 297 1o
antumony  *Drug within iposomes 0125 247 9
tartrate Q.28 24010
0s 199 - 1€
1.0 1y -3
2.0 [BINRE
4 Potassium  None None SON N
antimony Drug alone 10 S1 -
tartrate *Drug within Lposomes 10 a6 19
S L
Sodium Drug alone v 6w 7
antimony  *Drug withim liposomes 10 63 - s
gluconate 5 172- 29

Groups of six NMRI1 mice were inoculated with amastigotes of
L. donovani on day €. and recened their tirst dose of drug on day 10,
In Fapt 1, the drug was administered over 3 d (days 10, 11, 121 and
the amimals were kilted on day 14, In Expts 2, 3 and 4, the drug was
given as a single dose. and the livers taken for assay on day 12.
*Drug incorporated into liposomes during sonication. 1 mg of drug s
contained in approximately 40 mg phospholipid.
+Drug mixed with a pure liposome suspension 10 min before injection.

The effect of drugs on a leishmanial infection was assayved by
a modification o1 the method of Stauber et a/.® using the mouse
model of Bradley® The concentration of drug was adjusted to
I mg ml, and injected intravenously into NMR1 mice (appron-
imate weight 20 g which had been inoculated intravenously 10 d
previously with amastigotes of an Ethiopian isolate of Leish-
mania donovani s.l. (isolate no. HU3, Liverpool designation
LV9). This parasite is maintained routinely by passage through
hamsters and transferred to mice in the form of a spleen cell
suspension. The mice were killed 2d after injection of the
drug. and the extent of the infection assayed microscopically by
counting the number of amastigotes per 200 liver cell nuclei in an
impression smear.

Table 1t shows that drug incorporated into liposomes had a
much greater effect in reducing the parasite count in the liver
than equivalent quantities of either liposomes or drug injected
alone. Tartrate, 0 4 mg per animal (20 mg per kg body weight),
given over a period of 3 d, was sufficient to abolish the infection
completely as judged by light microscopy (Expt 1). An identical
result was obtained when the same quantity was administered in
a single dose (Expt 2). A significant reduction in the number of
parasites was also observed after administration of a liposome
suspension in which the tartrate had been dissolved at a con-
centration of 0.8 mg per ml just before injection. This result
suggests that there may be some uptake of the drug by lecithin
I'posomes from the aqueous medium. Over the range of doses
tested. there is a linear response of probit activity against logdose
(Fig. 2). In addition, Table | shows that the enhanced activity
exhibited by tartrate in the liposomes was also given by the drug




ST ANHETLT e e AICh i tormaated for chineal
ase ander the trade aame Pertovam cBarrougins Wellco e
The wdea’ drug carrier as rec mrarant properties bt
oMUt protect the drog tropt cost cetabolic processes and.
VICe versi, protedt the non-taseet Bose cossaes dunoe the ume
waken for the drug (o reach the target Seovad, 10 mast transport
the drug directly o the desired tissae, and. finalls . 11 may
enhance the uptahe of the drug by the cells of the targer tussue,
and perhaps increase ats etlicacy within the detecinve cell.
In the experimiental model described here. anumony-filled
liposomes  seem 10 satisfy  most of  these  reguirements.
Antimony potassium tartrate was one of the first and most
potent agents used for cunng leishmamasis,” but effective
treatment necessitated prolonged esposure to  highly tonic
levels of drug. In our system. levels close to the lethal dose of
S0 mg per hg were without etfect: when entrapped in liposomes,
however, a single dose of 20 my per kg (Expt 2) was completely
ctfective in eliminating the infection. Measurement of the

NN

20

Probit of drug o

—

A

v 0.3 1.0 )

log doe e per kg

Fig. 2 Relation between probit o1 activits and dose of potassium
antimony tarrie, sing data from Teble 1 (E+wpt 3).

oneentration of antimory an N.me ml'.‘.[‘k‘\ RO LN
O oarirate withn poseeses showmed hat e et L wans
cleared ror e plead iy gohadt e of approas L !
N s AL AU AN DPOSSIes were ol

e diver b D In Lomast tne free drug was dleared tapidio
from the plasma, and was not detectable by our mierhed 1S ooun

ATter ey enous admunstraien Lippincot cf i 0 o o
that tree .orate iy taken up by erythrocstes durirg thus 1
Abso, o 0 workers have shown that hiposomies are taaen

up by ac Tgans encompassing the monoenuclear phagooyie
system (MPS). and that uptake of therapeutic drugs into
Iysosomes of phagoeyic cells can be enhanced in v and o
vivo't by incorporation of the drug into liposomes,

In view of the fact that liposomes and leishmanial parasites
share a propensity for cells of the MPS, it is reasonable to hope
that targeting of antimonial drugs at present in use. by en-
trapment within liposomes. may be feasible in a range of
chnical manifestations of the disease. ar especialls where
amastigotes restde within macrophages ¢ :he liver, spleen,
bone marrow and Iyvmphatic sy stem.
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PURINE AND PYRIMIDINE SYNTHESIS IN PROMASTIGCTES OF LEISHMANIA MEXICANA AMATONENSI:Z.

R.P.BRAZIL AND J.D.McCARTHY
DEPARTMENT OF PARASITOLOGY, LIVERPOOL SCHOOL OFTROPICAL MEDICINE

The occurrence of salvage pathway for purines is generally assumed in Leishmania.
This assumption is made from the study of growth requirements of the organisms in
defined medium (Steiger& Steiger,1977). There is little information on the uptake of
radiolabelled nucleic acid precursors in Leishmania spp.(Croft,1977;Marr & Berens,
1978) and only recently have some of the enzymes of purine metabolism been examined
(Konigk & Rasoul,1978).

In the present communication we investigated purines and pyrimidines metabolism

in promastigotes of L.m.amazonensis using radiolabeiled precursors. The incorporatiocorn

of 2—3H adenosine, 6—3H thymidine, 5-3H uridine, U-14C glycine and 6-14C orotic acid
into nucleic acids was measured by scintillation counting methods(Neame et al..1974).
Radioactive adenosine, thymidine, uridine and glycine were incorporated into the

nucleic acids of the parasites, but there was no incorporatior ol orotic acid. These

results show that promastigotes cf L.m.amazonensis are capable cof both selvar . nd

de novo synthesis of purine, but they rely on the salvage pathway for pyrimiaine
synthesis.

The inability of L.donovani and L.braziliens? rensu lato to synthesize purines

de novo(Marr & Berens 1978) could account for the different reaction of Leishmania
spp. to different antileishmanial agents.
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Key to gh'sicvitiings usad in notes

A

CL
DCL
KA
LR
LRC
MCL
MucC
PKDL
SCL

NS

lump

amastigotes avaiicble

cutanccus lesion

disseminated cutaneous leishmoniosts
kala-azar :

leishmaniasis recidivans

leishmaniasis refercnce collecticn (Jerusalem)
multiple cutancous lesiens

mucocutaneous )

post kala-czor dermal leishnianoid

single cuta.. ous lesion

_visceral

normal skin
London University Medical Parasitology
trypanosome
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